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ABSTRACT: 

A method of forming an organosilicate layer is disclosed. The organosilicate layer is formed by 
applying an electric field to a gas mixture comprising a phenyl-based silane compound. The gas 
mixture may optionally include an oxidizing gas. The organosilicate layer is compatible with 
integrated circuit fabrication processes. In one integrated circuit fabrication process, the 
organosilicate layer is used as an anti-reflective coating (ARC). In another integrated circuit 
fabrication process, the organosilicate layer is incorporated into a damascene structure. 
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mm i 

0-aWHfc^WSiC a O b H c T*"). aj±6~3 
0. b«i0~3. c(i9~3 0-CJ>^Ml^lfc!Bao 

x-zPi^v (SiC 6 H 9 ) fc N 7i-/Mf;i--/7y 

(SiC 7 H„) 7i-^Xf^j/7y (SiC 8 H 
, 3 ) k. 7i-;Mf;PXf^y5y (SiC 9 H 15 ) 
k. 7x-;Mh4r^5> (SiC 7 OH n ) k. 7 
iZ/Hh^fyy^y (SiC 8 OH, 3 ) k. 7i=* 
WlKyy^ (SiC 9 OH 13 ) k. 7i-* 
>^j/Xh^y-/7y (S iC 9 0 2 H 13 ) k, Ztlh 

[ff*JH 5 ] wmmt^, a&Kfta* ( N 2 O ) 
k. (O z ) k. ^-^/y (o 3 ) k. -KTOSI (C 
O) k. ZMftMrn (C0 2 ) k, S« (N 2 ) k. Zil 

num. 

m < rf ) m*T'$>sii*^ 1 i&atwx 
a. 

•y y-x-hmmeizimnum. 

im$M8] iffty/^ ftl Tori— ft 10 To 
4 0 0mgm~#jl 0 0 0 m g mCD^Ji;Ti£flf-'r V^' 

^««&^ix^ifs^ 1 izimema. 
iwmm 1 0 1 Kfctttfxa*, »isccm-5oo 

sec m«^aTttaf-A'yV'C/K^^iil»if^2t 

hh&bi 1 1 tfiw^^^as* 5 . #u 0 ox> 
&4 0 owtj^ft&tf^Jii izimcoum. 
imm 1 2 ] mit^m^ wmmm-hu 

S«£*£Ht^ W WMdS-f £7.7- >y 7*k , 
7 x -)V&Ztt h >> y V<(fc£ft £ „ 

V^tt**-**? -yTk . 



imm i4) 7 x -;«srwri. ^7 

ZVMmit , &£tfSiC a O b H c X'h r ). a«6~3 
0, bfi0~3, cJi9~3 0T'fcSli^l 2tlS^ 
^)*ft. 

[fl*^ 1 5 ] 7 x -7PS5:^-n. y 7 >-^^Bj*\ 
7x-/l^7> (SiC 6 H 9 ) 7i-yMfi^7 
y (SiC,H„) k, 7xx;l,xf;|,y7>' ( S i C 8 
H 13 ) k. 7x-;Mf;Hf^y7y (SiC 

9 Hi 6 ) k. y^-f^h^y^yy (Sic 7 OH u ) 

k. 7x-;l'Xh4f>->'7>- (S iC 8 OH 13 ) k. 7 
i^;Wf;Hhdfi/i/7y(SiC 9 OH 13 ) fc s 7 
xX^-rf l-^v-Xbdj-y-^y (SiC 9 0 2 H 13 ) k, 

1 6 ] a*Kfctt#7.#. B&Mit < n, o > 
t. e«(o 2 ) ^/^ <o 3 ) -sn«(c 
o) k, z.mv$m (co 2 > k, (n 2 ) ^ 

imm 1 7 1 mm^ y>w xis^/fx^ma^ti 
immmmm (rf > Wix-hzmmi 2tiea^> 

v-vh&z m$m 1 7 cBft^&s. 

imm 1 9 ] yf ffiTj*?; 1 Torr-*!j 1 

OTorr(=«Ut$ii|,«^12tcES5073ft. . 
[19*^2 0] 7x^;i^^*-ri.>-5yfl:^i*\ 

ift4 0 0mgm~ftl 0 0 0 m g mOgfiT-JtSf-v > 
^'ttt^^n^B^l 2t|^(7)^rft„ 
imm2 1 ] Kfttt**7.*\ Slscc m~jfc5 0 
0 s c c mC7)SaTit«^^ y^'tttl^^ilSii^ 1 

3(cias«07ja. 

[»*«2 2 ] mm^yt^^mfi. ®\o or- 
S!j4 0 ox:izmg&ixhmm\ 2\,zw&<r>um. 

[|f^2 3] vyy*73-T)V-i-ytt-t^y\z 
*-9wmmx-h~>x . mvy h^^r^-^yenm 
mzx*). vw3yzz.-ftfWF<?)mmmi}m£m^ 
xtm-fvyxtmwL. 

mL£tm^y;<\*uzmmtz>XTyTt . 

7 ±->\&tti-&~>yyfc£%aZtthm.&tfxzm 
K^SrMLhfc^-r^Xx «y ^W-fl, a y\; 

mim2 3izim<n^yv*-?wmfc. 

[»*^2 5] 7x-;H^tfJy7yft^)* { < 
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*OHK^fc^**SiC a O b H c T'$>D, a«6~3 
0. btt0~3. c{J9~3 0T'*SIS*)S2 3tie^ 
cOnytx-^fiHg&ft. 

7i-/^7>(SiC 6 H 9 ) 7x-^f^j/5 
y (SiC 7 H„) fc N 7i-;kXf^y5y (SiC 8 
H, 3 ) fc s 7i-iWf;l/Xf;P-/7> ( S i C 
9 H 15 ) 7i-/M h^rvx^y (Si C 7 OH„ > 
t. 7 x.-lV^Y^^yy (SiC 8 OH 13 ) t. 7 
x^Mf;l/Xf^f-/y7> (SiC 9 OH 13 ) t . 7 
x— ;M h^ylh^fy^y (Si C 9 0 2 H 13 ) fc s 
in^<0S^lt*^)S-&PJ: , ?»lR$<xl.ffl^S2 5 

[ft*JH 2 7 ] HHttttf***, ES£fk2sB ( N 2 O ) 

t. mm (o 2 ) *y> (o 3 ) -Kfl^s (c 
o) zmuzm (co 2 > fc N mm (n 2 ) ^ 

2 8 ] itflW-^ W^^tf^Effljn $ ft 

stM. (rf> «73T*>i.i««ja2 3fcsa 

onyt^-^ieti&ft. 

[ft£JS29] RFmTJ^.^SO^-yh-^SOO 
«7«y ht'$>Slt^2 8tieac03yt; J .-^fE^ 
ft. 

im$.m3 0 ] Jfiaf-^ ft 1 Ton~Hft 1 OTo 

rr(Offi73t«I^Sirl.i««Ja2 SfcieKcOnytfa-^ 
ffitli&fto 

[f*£JB3 1] 7±-)V&*tthi'7V J !t&totf. 
I!)400mg m~#j 1 0 0 0 m g mOSfiTiffllf-V > 

ft. 

[§»;RJI3 2 ] mm#X&. discern- 500 
sec m^SSa-Citaf-^ ^N'tfi^$ilSiiM2 4 

im$m 3 ] Jt«^A->/^fflg*>\ # i o or~ 

#)4 0 0XX«B*3*U>i££Jl2 3trEK<onyt A - 
^Efiaift. 

•yTfc. 

x. ^&7-4m&mcryj??j:< 1 1 1 ■onms&z.mfozti 



x^l^-j^ttui^htfi^jfS^ ^T&r-iWsM 

izw-ywmmA-t&XTvTt . 
y*««£3MW-* X-r -y 7"t . 

v\ ^ra^^^sswtuc/^-y&e^-rsxx-yr 

izj*?-y<7)wmmAL. ^9-y^mm-hxy- y 
^ju^~msmu : Jx btms-vx? t txm^x. 
y<mm*m%nwzm&thx^»,Tk , 
mnwzsmthXT- >v7-t zmz-ftthmimi 
mim* o ] m*f$mtm<k®x'$>m-$m3 9tc 
[||*JH4 1 ] mi?^**. zwtyjmt . 

0SiR§tlSW*Jl4 0 |cSM*W5S£. 

[it*ja4 2 ] ibsh^ 7 >m^-xcwt 
a. 

[ffl*JH4 3 ] 7 v%m*^thfc&tobK B7 -Jit 
&m (CF 4 ) t. 7)VJtvX?y (CF 4 ) fc. 
ux?y (C 2 F 6 ) fc % 7;^o7fV (C 4 H 8 ) 

[it *jg4 5 ] T\®.?4 mmmtf. msonm^m 
<?>%imzttLx . &o . 1-^0. 7(?>%mMW&*^ 
■tmmi3 4izisMcoijm. 

frUfaizMLxm . 1-^0. 7x&te?hmtm4 
5^zwm-m. 

[ffs«4 8 ] w&iifxifi. mztfHtm'xz^rtz, 
m^m3 4iz§mmm. 

[M*^4 9] 7^)Vm^-th^y^-^i)K 
ZtDHmit^irS i C a O b H c T'J>0. a«6~3 



'(4) 002-164347 (P2 0 0 2-165$8 



0X'$)*). b«0~3T'&D. c«9~3 0-CJ)i.»* 
«3 4(CfEg&7Xtri£„ 

7i-^7V(SiC 6 H 9 ) fc, 7i-iMf;^5 

y(SiC 7 H u )h, 7i-;Hf;^7y (s i c 8 
H 13 ) fc„ 7x-;Mf-yl/Xf-;l/v^y (SiC 
9 H 16 ) 7i^Mb^y-/7> (SiC 7 OH n ) 
k. y*->l>X.\* (SiC 8 OH 13 ) fc N 7 

x^Mf/Hh^f-zy^y (SiC 9 OH 13 ) fc. 7 
i-;WRyIhJf-/y7y(SiC 9 0 2 H 13 ) fc. 

*fl4 9tfB®«o^rffi. 

[9ft£« 5 l ] SMfctttfxa*. gggHfcMifi ( n 2 o ) 

t. mm (o 2 ) *w <o 3 ) -iKt^s (c 
o) ~mtmm (co 2 > fc. mm <n,> m 

<^>&£^fc*>£>j£l>S»: 9Sfl?$*i.£lif;£Jl4 8 ICE 

( rf ) Wix-hmims a izmmcoum. 

[ft*JS53] RF«]^ »5 077h-«5 0 0 
•7 -y h T'S) Sf»^fl 5 2 tcfemw*^. 

[H££« 5 4 ] StigJf # 1 TorrHfc 1 0 

TorrtcjEE^*W3i"i6«i«?-^ 5" WCJBKSfiiiB 
*«3 4tcE®<7)^. 

i&4 0 0 m g m~**j 1 0 0 0 m g m«S*T1fHf-Y > 

[HT&JS5 6] BHfctt#X#. #1 sccm~5 0 0 
sec mOS«T*6SW-^>Atct!3&$ji&^H&B54 

#4 o ox:&mztu>mcm 5 4 cua*)**. 
mmti&ttss&vjrv v/)W?<7)±\zwg%ii%> 



x*-#y t . > t 'J \y yt . 7 -y 
(FSG) AF 4 t s BCBfc, ISHI^/MIJtt. St 
Sfcfe (**y J M K) iiX^cOS^jfc^ 

[»^6 0 ] rjy?? T&tfli&£5t*t 
&#mtt*ma*\ Sit. T^-^t. lyyx^-y 

5 8tc|2«S<?)7jffi. 

[tft£JS6 1 ] ^^*x*5lg(c. igfttt#x£:rtl> 
WmssizzlMarfim. 

immb 2 ] 7x-;niftsy7yfl:^iiAJ, 

ZO-fmiti&HtfS i C a O b H c T'*>>K a«6~3 
0, bJiO-3. c«i9~3 0T*J>Sn*«5 8(CiS® 

[B*«6 3 ] y^-^tt-t&yyyfc&fyiiK 
7x-;^5y(SiC 6 H 9 ) t N 7x^MWy7 
y (S i C V H U ) fc s 7x^Xf;|.y7y (SiC, 
H 13 ) t » 7x-;Mf^xf^j/5y (SiC 
9 H 15 ) t, 7x-;Mb^yy7V (SiC 7 OH u ) 
7x-^Xh^i/-/7y (S i C 8 OH 13 ) t s 7 
x^f/Hb^yy?^ (S iC 9 OH 13 ) fc, 7 
x^Mh^xh*^^ (S iC 9 0 2 H 13 ) fc, 

iztm^nm. 

[«*« 6 4 ] IWfctttf** 1 . ( N 2 O ) 

8g*(o 2 ) *W (o 3 ) t. -mwrnic 
o) ngMusag (co,) t . mm (N 2 ) Ztl 
t>cD%&%»kfre>f8.&m£ omsiztL&wmme 1 tcte 

mime 5 ] m^xtcEPJn^^iS^*^ £,m%. 

( RF ) S7lT'J)SIS*Ji5 8tC|B®co*a„ 
Ili*«6 6] RF«73*<. £>5 0<7-y h-*«j5 0 0 
V-y hT'&l.n^6 5tCfem^7xffio 
mxm 67) y x ^;l^Sr^S i/7 yft£&tffi. 

$)4 0 0mgm~|«>l 0 0 0 m g irUOggftT'iHif-V V 
/^C{tt£§il.6i!R<3S 5 8tC|B^<0^ra. 

s c cmcomxtm^y^zm^ti^m^me 1 
tcie«^&. 

[W«3S6 9 ] WRf^ry^ *f>lTorr-*7l OTo 

rr<?>KMziimztihm>m€> i izizmoum. 
itmm 7 o ] mm^ m 1 o or~ 

*^4 0 0riCifflt$*l.&fii;£JS6 7(CfEfic7)*a„ 
[000 1 J 

[0002] 
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{£. h^yy'x^. 3yfVt. wm&sk) 
■5. 

[0003] ^@BfiSfi£S^^ft*W-rS<7)tC^ 
h-?fttf/XfcHHjifc#JI (RC) cogM^gig-Tvl 

v^jtism* (fik ) cojen*m (eg*** . Jtism*& 

4. 5*») jiftMfrfc*. 
[0004] 

[||BJ* J jS^LJ:3t-n»illM] J:9*&v*UIli]Kft 

[0005] TMttmfrt><7)%tt : S:m>HktZ> <t 5iS 
ISSiifcl^Kffiti. RWB&jt&It (ARC) £(£ffl 

wx hnmmzimzc^9->cr)mit:&m-2> . 
[0006] a-j-c, msasssuttij 3t&ffiv>jt^ 

[0007] 

tzi->xm$£tih. U&tfxii. BMizWtft&tfxt; 

[0008] tmrj msmiiMmmmwsTn-txt 



rattan. lo^mam^tT-n-bxTii. urn* 

A m&mii . DUV'jy/77-f 0£#>c9R8*|»jfc&ffil 
(ARC) fcL/C(£J?!$ftl>. -e«0j:3^llte<^®t 

*fflR±(C»dW-4it3&^TV>S. WASN'T BaSJl 
II »250n m*ji«DifcR-C\ #1.20 1 . 
7 0<0&ffl«7)Jgifr*t . fiO . 1 j^jftO . 7<7)&BO 

3t®jR«sct Sr^-f 4 . ^msw^ m&moMinm ( n > 
t fmwmc ( at ) «is^nriigT'fe o „ testis 

W^Jltf-ecOifcJgjSSitS. A7-yi^2 50n 

->te&MI,ztm3-Jffl&ARC18£;\~\:-?x7t L 
[0009] ^msmssjsro-bx-cji. mwm 

rnmmzmsi±&mt&ztzittt. mz. m& 

-'t^-y^^it-Cx-y^-y^^n. Zcr>tplzfitM£B 
JS-TS. S2SI«ft«rttc®«$iT^iil8{i, *«^>f 

fiK$iut3>^^h/y^T{±. §Sl8tmJl£«££ 
^ffi^T'X yf-yr^ixS., -ecof*. 

^ WW T*mm&ttnx'ftm-t& ztizx^x?*? 

[0010] 

zvxMT<?>im*mm*Jim- & z t iz* ->x®mz 

i o o 1 1 ] hi « s Mziemztifzm&vBBizfti 
xummfowmi'tr* 3 fcMz&m*im%vxj\>>mm 
S3 5<DW^^-t. znmmi. mi%. tu^x^ 

yA36, 38. 40, 4 It. D-Kn-y^f^yA' 
4 6fc. ffii*f-vy J '<50t. 7^D7nt7t3> 

ho-7 54 ts-, (HSMt-f ) mw£#>r 
(w&tf) mrnn^-v^^rm^mmtmzmx. 

X^h. *OJ:d&^xy\*jyi§gg3 5<?>fWi. *ffl^ 
tti "5 A* *Tfl&5rC E NTURAi/XfAT'iS. 
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[0012] *3twz-mizti&' k ?^wmm3 50 
mm. m-A£mmtit:. 1993^2^16 bh 

ft<r>%mffi¥fm5 , 18 6, 71 8^. WJW&fo 

mL-cj&Rmmizm&ttiz. z^m.s scram*® 
a*. aTizmmtzwm-h. 

[0013] Vx.'\WmW3 5«. IIo-f7 H 5 1 
A*3 6. 3 8. 4 0. 4 1^t^-$tlTV^. 

[ o o 1 4 ] mm (m&it-f) ii. ^x/Njsuigas 5 

itS. $iMa*-yH5ia<. Tn-fex^>yy\' 

36. 38, 40. Al(T>dh<r>l^Xh(rMX'mm: 

[00 15] ro-feXf-^WN'3 6. 38. 40. 4 1 

MUf. TD-b^.f-^yA3 6. 38. 4 0. 4 It 
it. ^amffl«l« (PVD) ft>A\ 

Tvx^^mmMmm. < imppvd) \m 
mmim (cvd) fty^; w^ro-bx <rt 

P) +*Vf^ KWUm (ARC) f+yAf^J 

[00 16] 02 it. ^x^Nj!H|gS3 5<5>/b^W«ffl 
it« (cvd) Tn*x?-^yy\'36<9Brffl&0£* 
-f. cvDTD-txf-^yA'3 6{i. #8JSe»{cgBB&t 

fiM$^Ct*if#l.. -^.kd&CVDTn-feX^ 
^ 3 6 oflUi . 'J 7 *;^T7fl1fy * ?57 

[00 17] CVD7n-feXf^yA'3 6a, ffl^. « 

(C. #Xvn"*/P 13 0. SSMBbL^ 4110 £fi§xTH 
3. CVD7D-feXftyA36«l 19 98^ 
12>114 BJHrao*ffl^f|Faili^0 9/2 11,99 

8^. m\(o%& ^miSMit^msmm^y^i t 

[00 18] CVDTO-feX^yA3 6Ji. HRW 
fc. f#^x;M9 O^cofflS^^^STttotttffl 
£ix£3S^TX?;Pl 5 0-HSttLT^S. -<^t 
x?/H 5 0Ji. ffl&. £<2lg1i (S^hT) £&fflL 
T^r yn'3 6rt£±T#flK»C# ^07n 
-feXtioTfi. Jfift«fcft:fcoT^xv\l 9 0£j9rM 

W/H5 0I1 S&fcftfct-^Sl 7 0KJ:-? 
TMfc$;h-&. ^rX;yVH 5 0(i. ACm^l0 6*» 

A> b-^g* 1 7 o^mm ERfnrr* i (el otfiS 
JlSftLTtiv\ ^x;\i goti^-fx^l 



5 0tioTJn^$^s. f*micr)io%&&-tyin 

7 2t>>)iA$^fx^H 5 Ortfcffiiiii. tfefc 
<dW£X"<tX9)V\ 5O0>i&m$:imth. MfcZtc 
fciSSJi, SigfgIS 1 7 ooffi^ 1 6 yj- 

i&7n-txmmzt -yxms^mm^mizimuz 

0. W®t&ZttfX'%Z>. ^fX9)V\ SOitTyX 

[00 19]^-K>-7-102SrfflV%-C. 7DtXft 
y<3 6 ^g^-TS b b t>fc. yA3 6 rtT®iE=5r 

tfxsst E^jt £*tjt-f s. i^+v-^-y hi 20 

Ji. ^£aLTro*X#X*^yA3 6|*j'\gA 
SftS**. >7JV\3ffi'<.T : x7)Ul 5 0<0±^c:ffiffi? 
^<7-A..y K 1 2 013. To-feX^-^ryxcT) 

S^XA'^H 3 O'V^Sft*. 
[0020]y-v >7—N>y HI 2 O&tf ^X'n^J^t 

x^/n 5 o«. -^susrav^mflit^-rs. 

6rt'\^A$*l£ra*x#xi2j^$ftT. 75X7 
fc=5r&. fflfg. miWi. >)u\S^fX^;H50J 
RF«7jc07-X (0^-f ) >\S^HISSffl (H^fr 

^^•LTti^L. i^y-^y HI 20m/*7XJ\ 
S^fX ^15 0 <50M*^^-LT t J 
[0021] 7* 7X-7^b^W^fflJt« ( P E C V 

d) gffiti. s«^ffijft<coRjsr-y^m^^rairr 

SiiRiEtt^'* 0. Ztiizi. *)±m>^K&Ziimti: 
x*;I/^-Srfi«L. gS^<0PECVD7D-feXfflyi 

[oo22]^<ti,i r><r>mfe<mmx'\±. imt- 

£3Tt& v 7 >{t&faco77XvmttMitlz ioT^L 
jiff titS. ^x^gfc^&i^ytti^sli. ^rx 
^H3 OcoMffllTTIStS^ix^cSfi^Xt LT7- 
D-feX^WN'3 6rt^A$iiS. 
[0023] ^xv^;l/ 130 SraS^XggacoffiE^ 
0]ffll&t/iifi5ti. flSEl3yho-7 (0^:1*) & 

V-^ y H 1 2 OJi. XfXK^H 3 O^WT-o-feX 
^'X^. To-bXf-pyAloOrt'V^-t^ALTTh 

[0 0 24] miZ^mt&b. CVD7*n4rXf-py 
A3 6fi. v-f ^P7 , a-fe>y-9-rjyhD-5 5 4(cJ:-5 
T^Jffll^ixS. 70n7o-fe7t3yho-754 
tt. X»ffllilit*>^Ta^«0^ J !'>->'W-9-7'7'D-b 
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yhTA-^ro-fe -y^ (CPU) cDlot'&oTiJ: 
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mz c p u^^-c-t * . i&Bias trc y 7 h >>iw 

SSill>m2 C P UKJ: oTHffT'^ S . 
[ 0 0 2 5 ] V 7 h*?X.T)V-^y\i. Sfe^x** 

9mztL&wuz. m&>vjL-?£^*>jm 

lz£*)^yj<7u*:Ai)mfi2tl&. iWtLX. * 
fWrntxit A-H^iTt, *$5gffli£ltn"t*il 

'±. V 7 h^xTXti'N- H ^xrcoffl^iJ-T'iifT Sil 
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1 Title of Invention 
METHOD OF DEPOSITING ORGANOSILICATE LAYERS 

2 Claims 

1 1. A method of thin film deposition, comprising: 

2 positioning a substrate in a deposition chamber; 

3 providing a gas mixture to the deposition chamber, 

4 wherein the gas mixture comprises a phenyl -based si lane 

5 compound; and' 

6 applying an electric field to the gas mixture in the 

7 deposition chamber to form an organosilicate layer on the 

8 substrate . 

1 2 . The method of claim 1 wherein the gas mixture further 

2 comprises and oxidizing gas. 

1 3 . The method of claim 1 wherein the phenyl-based si lane 

2 compound has the general formula SiC m OJl c , where a has a 

3 range between 6 and 30. b has a range between 0 and 3, 

4 and c has a range between 9 and 30. 

1 4. The method of claim 3 wherein the phenyl-based silane 

2 compound is selected from the group of phenylsilane 

3 (SiC fl H 9 ), phenylmethyl silane {SiC,H n ) . phenylethyl silane 

4 (SiCgHu), phenylmethylethylsilane <SiC,H 13 ) phenylmethoxy 

5 silane (SiC 7 0Hu) , phenylethoxy silane (SiC 8 OH 13 ) , 

6 phenylmethylethoxy silane (SiCgOH^) , 

7 phenylraethoxyethoxysilane (SiCgOjHjj) , and combinations 

8 thereof . 

1 5. The method of claim 2 wherein the oxidizing gas is 

2 selected from the group of nitrous oxide <N 2 0) , oxygen 

3 (Oj) , ozone (0 3 ) , carbon monoxide (CO) , carbon dioxide 

4 (C0 3 ) , nitrogen (N 2 ) and combinations thereof. 
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1 6. The method of claim 1 wherein the electric field 

2 applied to the gas mixture in the deposition chamber is a 

3 radio frequency (RF) power. 

1 7. The method Of claim 6 wherein the RF power is within 

2 the range of about 5D watts to about 500 watts. 

1 8. The method of claim 1 wherein the deposition chamber 

2 is maintained at a pressure between about 1 torr to about 

3 10 torr. 

1 9. The method of claim 1 wherein the phenyl -based silane 

2 compound is provided to the deposition chamber at a flow 

3 rate in a range of about 400 mgm to about 1000 mgm. 

1 10. The method of claim 2 wherein the oxidizing gas is 

2 provided to the deposition chamber at a flow rate in a 

3 range of about 1 seem to about 500 seem, 

1 11. The method of claim 1 wherein the deposition chamber 

2 is maintained at a temperature between about 100 °C to 

3 about 400 °C. 

1 12. A method of forming an organo silicate layer on a 

2 substrate, comprising: 

3 positioning a substrate in a deposition chamber; 

4 providing a gas mixture to the deposition chamber, 

5 wherein the gas mixture comprises a phenyl-based silane 

6 compound ; and 

7 applying an electric field to the gas mixture in the 

8 deposition chamber to form an organo silicate layer on the 

9 substrate. 

L 13. The method of claim 12 wherein the gas mixture 
2 further comprises and oxidizing gas. 
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1 14. The method of claim 12 wherein the phenyl -based silane 

2 compound has the general formula SiC.O^, where a has a 

3 range between 6 and 30 , b has a range between 0 and 3, and 

4 c has a range between 9 and 30. 

1 15. The method of claim 14 therein the phenyl -based silane 

2 compound is selected from the group of phenylsilane 

3 (SiCjHj), phenylmethyl silane (SiCjH^) , phenylethyl silane 

4 (SiC 8 H u ), phenylmethylethylsilane (SiC^H^) phenylmethoxy 

5 si lane ( SiCyO^ x ) , phenyl e thoxy si lane ( SiC 8 OH 13 ) , 

6 phenylmethylethoxy silane (SiCjOH^) , 

7 phenylme thoxy e thoxy si lane (SiCgOjH^) , and combinations 

8 thereof . 

1 16. The method of claim 13 wherein the oxidizing gas is 

2 selected from the group of nitrous oxide (NaO) , oxygen <0 2 ) , 

3 ozone (0 3 ) , carbon monoxide (CO) , carbon dioxide (C0 2 ) , 

4 nitrogen (Nj) and combinations thereof. 

1 17 . The method of claim 12 wherein the electric field 

2 applied to the gas mixture in the deposition chamber is a 

3 radio frequency (RF) power. 

1 18. The method of claim 17 wherein the RF power is within 

2 the range of about 50 watts to about 500 watts. 

1 19. The method of claim 12 wherein the deposition chamber 

2 is maintained at a pressure between about 1 torr to about 

3 10 torr. 
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20. The method of claim 12 wherein the phenyl -based eilane 
compound is provided to the deposition chamber at a flow 
rate in a range of about 400 mgm to about 1000 mgm. 

21. The method of claim 13 wherein the oxidizing gas is 
provided to the deposition chamber at a flow rate in a 
range of about 1 seem to about 500 seem. 

22. The method of claim 12 wherein the deposition chamber 
is maintained at a temperature between about 100 °C to about 
400 °C. 

23. A computer storage medium containing a software routine 
that, when executed, causes a general purpose computer to 
control a deposition chamber using a layer deposition 

me t hod , compr i s ing : 

positioning a substrate in a deposition chamber; 

providing a gas mixture to the deposition chamber, 
wherein the gas mixture comprises a phenyl-based silane 
c ompound ; and 

applying an electric field to the gas mixture in the 
deposition chamber to form an organosol icate layer on the 
substrate, 

24. The computer storage medium of claim 23 wherein the gas 
mixture further comprises and oxidizing gas. 

25. The computer storage medium of claim 23 wherein the 
phenyl-based silane compound has the general formula 
SiC^C^, where a has a range between 6 and 30, b has a range 
between 0 and 3, and c has a range between 9 and 30. 
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1 26. The computer storage medium of claim 25 wherein the 

2 phenyl -based si lane compound is selected from the group of 

3 phenylsilane (SiC^) , phenylmethyl silane (SiC^) , 

4 phenylethyl silane (SiCgH^), phony lmethylethylsi lane 

5 <SiC 9 H 15 ) phenylmethoxy silane (SiC-,OH n ) , phenylethoxy silane 

6 (SiC e OH u ), phenylmethylethoxy silane (SiC^OHjj) , 

7 phenylmethoxyethoxysilane (SiC,0 2 H u ) , and combinations 

8 thereof. 



1 27. The computer storage medium of claim 24 wherein the 

2 oxidizing gas is selected from the group of nitrous oxide 

3 (N z 0) , oxygen (0 2 ), ozone (0 3 ), carbon monoxide (CO), carbon 

4 dioxide (C0 2 ) , nitrogen (N 2 ) , and combinations thereof. 



1 28^ The computer storage medium of claim 23 wherein the 

2 electric field applied to the gas mixture in the deposition 

3 chamber is a radio frequency (RF ) power. 

1 29. The computer storage medium of claim 28 wherein the RF 

2 power is within the range of about 50 watts to about 500 

3 watts. 



J 30. The computer storage medium of claim 23 wherein the 

2 deposition chamber is maintained at a pressure between 

3 about 1 torr to about 10 torr. 



1 31. The computer storage medium of claim 23 wherein the 

2 phenyl -based silane compound is provided to the deposition 

3 chamber at a flow rate in a range of about 400 mgm to about 

4 1000 mgm. 
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1 32 . The computer storage medium of claim 24 wherein the 

2 oxidizing gas is provided to the deposition chamber at a 

3 flow rate in a range of about 1 seem to about 500 seem. 

1 33. The computer storage medium of claim 23 wherein the 

2 deposition chamber is maintained at a temperature between 

3 about 100 °C to about 400 ( t. 

1 34. A method of forming a device, comprising: 

2 forming an organosilicate layer on a substrate, 

3 wherein the organosilicate layer is formed by applying an 

4 electric field to a gas mixture comprising a phenyl -based 

5 si lane compound; and 

6 defining a pattern in at least one region of the 

7 oxganosilicate layer. 

1 35. The method of claim 34 further comprising transferring 

2 the pattern defined in the at least one region of the 

3 organosilicate layer into the substrate using the 

4 organosilicate layer as a mask. 

J 36. The method of claim 35 further comprising the step of 

2 removing the organosilicate layer from the substrate. 

1 37. The method of claim 34 wherein the substrate has one or 

2 more material layers formed thereon. 
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38. The method of claim 34 wherein definition of the 
pattern in the at least one region of the organosilicate 
layer, comprises: 

forming a layer of energy sensitive resist material on 
the organosilicate layer; 

introducing an image of the pattern into the layer of 
energy sensitive resist material by exposing the energy 
sensitive resist material to patterned radiation; 

developing the image of the pattern introduced into 
the layer of energy sensitive resist material; and 

transferring the pattern through the organosilicate 
layer using the layer of energy sensitive resist material 
as a mask. 

39. The method of claim 38 further comprising: 

forming an intermediate layer on the organosilicate 
layer prior to forming the layer of energy sensitive resist 
thereon, introducing the image of a pattern therein, and 
developing the pattern; 

transferring the image of the pattern developed in the 
layer of energy sensitive resist material through the 
intermediate layer using the energy sensitive resist 
material as a mask; and 

transferring the pattern through the organosilicate 
layer using the intermediate layer as a mask. 

40. The method of claim 39 wherein the intermediate layer 
is an oxide. 
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1 41. The method of claim 40 wherein the oxide is selected 

2 from the group of silicon dioxide, fluorosilicate glass 

3 (FSG) , and silicon oxynitrid . 

1 42. The method of claim 36 wherein the organosilicate layer 

2 is removed from the substrate using a fluorine -based 

3 compound. 

1 43. The method of claim 42 wherein the fluorine-based 

2 compound is selected from the group of carbon tetraf iuoride 

3 (CF«), fluoromethane (CF 4 ) , fluoroethane {C 2 F 4 ), and 

4 f luorobutene (C 4 F a ) . 

1 44. The method of claim 34 wherein the organosilicate layer 

2 is^an anti-^ref lective coating at wavelengths less than 

3 about 250 nm (nanometers) . 

1 45. The method of claim 34 wherein the organosilicate layer 

2 has an absorption coefficient in a range of about 0.1 to 

3 about 0.7 at wavelengths less than about 250 nm. 

1 46. The method of claim 45 wherein the absorption 

2 coefficient varies across the thickness of the 

3 organosilicate layer from about 0.1 to about 0.7. 

1 47. The method of claim 34 wherein the organosilicate layer 

2 has an index of refraction in a range of about 1.2 to about 

3 1.7. 

1 48. The method of claim 34 wherein the gas mixture further 

2 comprises an oxidizing gas. 
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1 49. The method of claim 34 wherein the phenyl-based silane 

2 compound has the general formula SiC^O^, where a has a 

3 range between 6 and 30, b has a range between 0 and 3, and 

4 c has a range between 9 and 30 . 

1 50. The method of claim 49 wherein the phenyl-based silane 

2 compound is selected from the group of phenylsilane 

3 (SiCfK,), phenylmethyl silane (SiC^J , phenylethyl silane 

4 <SiC t H n ), phenylmethylethylsilane (SiC„H ls ) phenylmethoxy 

5 silane (SiCOHn) , phenylethoxy silane (SiC p OH 13 ), 

6 phenylmethylethoxy silane (SiCgOH u ) , 

7 phenylmethoxyethoxysilane (SiOjO^) , and combinations 

8 thereof . 

1 51^ The method of claim 48 wherein the oxidizing gas is 

2 selected from the group of nitrous oxide (N 2 0) , oxygen (0 3 ) , 

3 ozone (0 3 ) , carbon monoxide [CO), carbon dioxide (C0 2 ) , 

4 nitrogen <N 2 ) , and combinations thereof. 

1 52. The method of claim 34 wherein the electric field 

2 applied to the gas mixture is a radio frequency (KF) power. 

1 53. The method of claim 52 wherein the RP power is within 

2 the range of about 50 watts to about 500 watts. 

1 54. The method of claim 34 wherein the organosilicate layer 

2 is formed in a deposition chamber maintained at a pressure 

3 between about 1 torr to about 10 torr. 

1 55. The method of claim 54 wherein the pbenyl-baeed silane 

2 compound is provided to the deposition chamber at a flow 

3 rate in a range of about 400 mgm to about 1000 mgm. 
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1 56. The method of claim 54 wherein the oxidizing gas is 

2 provided to the deposition chamber at a flow rate in a 

3 range of about 1 seem to about 5D0 seem. 

1 57. The method of claim 54 wherein the deposition chamber 

2 is maintained at a temperature between about 100 °C to about 

3 400 °C. 

1 58. A method of fabricating a damascene structure, 

2 comprising 

3 forming a first dielectric layer on a substrate? 

4 forming an organosilicate layer on the first 

5 dielectric layer, wherein the organosilicate layer is 

6 formed by applying an electric field to a gae mixture 

7 comprising a phenyl-based ailane compound; 

8 patterning the organosilicate layer to define 

9 contacts/vias therethrough; 
forming a second dielectric layer on the patterned 

11 organosilicate layer ; 

patterning the second dielectric layer to define 
interconnects therethrough, wherein the interconnects are 

14 positioned over the contacts/vias defined in the 

15 organosilicate layer ,- 

16 etching the first dielectric layer to form 

17 contacts/vias therethrough; and 

18 filling the contacts/vias and the interconnects with a 

19 conductive material. 



10 



12 
13 
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1 59. The method of claim 5B wherein the first dielectric 

2 layer and the second dielectric layer are each selected 

3 from the group consisting of amorphous carbon, fluorinated 

4 amorphous carbon, parylene, fluorinated silicate glass 

5 (FSG), AF 4 , BCB r silicon carbide, oxynitride, and 

6 combinations thereof . 

1 60. The method of claim 58 wherein the conductive material 

2 filling the contacts/ vias and interconnects is selectod 

3 from the group consisting of copper, aluminum, tungsten, 

4 and combinations thereof. 

1 61. The method of claim 5B wherein the gas mixture further 

2 comprises an oxidizing gas. 

1 62. The method of claim 58 wherein the phenyl -based silane 

2 compound has the general formula S±C a p t f\ zf where a has a 

3 range between 6 and 30, b has a range between 0 and 3, and 

4 c has a range between 9 and 30. 

1 63. The method of claim 62 wherein the phenyl -based silane 

2 compound is selected from the group of phenyl silane 

3 (SiCW, phenylmethyl silane (SiC 7 H u ) , phenylethyl silane 

4 (SiC g H 13 ), phenylmethylethylsilane {SiCJl ls ) phenylmethoxy 

5 silane (siC-pOH^) , phenylethoxy silane (siCeD^), 

6 pheny line thy lethoxy silane (SiCjOH^) , 

7 phenylmethoxyethoxysilane <SiC 9 0 2 H i: ,) , and combinations 

8 thereof. 
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1 64. The method of claim 61 wherein the oxidizing gas is 

2 selected from the group consisting of nitrous oxide (N 2 0) , 

3 oxygen (0 2 ) , ozone (0 3 ) , carbon monoxide (CO), carbon 

4 dioxide (C0 2 ) , nitrogen <N 2 ) , and combinations thereof. 

1 65. The method of claim 58 wherein the electric field 

2 applied to the* gas mixture is a radio frequency (KF) power. 

1 66. The method of claim 65 wherein the RF power is within 

2 the range of about 50 watts to about 500 watts . 

1 67. The method of claim 58 wherein the phenyl-based silane 

2 compound is provided to a deposition chamber at a flow rate 

3 in_a range of about 400 mgm to about 1000 mgm. 

1 68. The method of claim 61 wherein the oxidizing gas is 

2 provided to the deposition chamber at a flow rate in a 

3 range of about 1 seem to about 500 seem. 

1 69. The method of claim 67 wherein the deposition chamber 

2 is maintained at a pressure between about 1 torr to about 

3 10 torr. 

1 70. The method of claim 67 wherein the deposition chamber 

2 is maintained at a temperature between about 100 °C to about 

3 400 °C. 



3 Detailed Description ei laTeotioo 
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BACKGROUND OF THE DISCLOSURE 

5 1. Field of the Invention 

The present invention relates to organosilicate 
layers, their use in integrated circuit fabrication, and 
a method for forming an organosilicate layer. 

LO 

2. Description of the Background Art 

Integrated circuits have evolved into complex 
devices that can include millions of components (e. g., 

15 ti^uisistors, capacitors and resistors) on a single chip. 
The evolution of chip designs continually requires faster 
circuitry and greater circuit density. The demands for 
greater circuit density necessitate a reduction in the 
dimensions of the integrated circuit components. 

20 As the dimensions of the integrated circuit 

components are reduced (e. g., sub-micron dimensions), 
the materials used to fabricate such components 
contribute to their electrical performance. For example, 
low resistivity metal interconnects (e. g., copper and 

25 aluminum) provide conductive paths between the components 
on integrated circuits. Typically, the metal 
interconnects are electrically isolated from each other 
by an insulating material. When the distance between 
adjacent metal interconnects and/ or the thickness of the 

30 insulating material has sub-micron dimensions, capacitive 
coupling potentially occurs between such interconnects. 
Capacitive coupling between adjacent metal interconnects 
may cause cross talk and/or resistance-capacitance (RC) 
delay which degrades the overall performance of the 

35 integrated circuit. In order to prevent capacitive 
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coupling between adjacent metal interconnects, low 
dielectric constant (low k) insulating materials {e. g . , 
dielectric constants less than about 4.5) are needed. 

The demands for greater integrated circuit densities 

5 also impose demands on the process sequences used for 
integrated circuit manufacture. For example, in process 
sequences using conventional lithographic techniques, a 
layer of energy sensitive resist is formed over a stack 
of material layers on a substrate. Many of these 

10 underlying material layers are reflective to ultraviolet 
light. Such reflections can distort the dimensions of 
features such as lines and vias that are formed in the 
energy sensitive resist material- 

One technique proposed to minimize reflections from 

15 a» underlying material layer uses an anti- reflective 
coating (ARC) . The ARC is formed over the reflective 
material layer prior to resist patterning. The ARC 
suppresses the reflections off the underlying material 
layer during resist imaging, providing accurate pattern 

20 replication in the layer of energy sensitive resist. 
Therefore, a need exists in the art for low 
dielectric constant materials suitable for integrated 
circuit fabrication. Particularly desirable would be a 
low dielectric constant material that is also an ARC. 

25 

SUMMARY OF THE INVENTION 

A method for forming an organosilicate layer for use 
in integrated circuit fabrication is provided. In one 
30 embodiment, the organosilicate layer is formed by 

applying an electric field to a gas mixture comprising a 
phenyl -based si lane compound. The gas mixture may 
optionally include an oxidizing gas. 

The organosilicate layer is compatible with 
35 integrated circuit fabrication processes. In one 
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integrated circuit fabrication process, the 
organosilicate layer is used as an anti reflective coating 
(ARC) for DUV lithography. For such an embodiment, a 
preferred process sequence includes forming the 

5 organosilicate layer on a substrate. The organosilicate 
layer has a refractive index (n) in a range of about 1.20 
to about 1.70 and an absorption coefficient (k) in a 
range of about 0 . 1 to about 0.7 at wavelengths less than 
about 250 nm. The refractive index (n) and the absorption 

10 coefficient (k) for the organosilicate layer are tunable, 
in that they can be varied in the desired range as a 
function of the deposition temperature as well as the gas 
composition used during layer formation. After the 
organosilicate layer is formed on the substrate, a layer 

15 or energy ^sensitive resist material is formed thereon. A 
pattern is defined in the energy sensitive resist at a 
wavelength less than about 250 nm. Thereafter, the 
pattern defined in the energy sensitive resist material 
is transferred into the organosilicate layer. After the 

20 organosilicate layer is patterned, such pattern is 
optionally transferred into the substrate using the 
organosilicate ARC layer as a hardmask. 

In another integrated circuit fabrication process, 
the organosilicate layer is incorporated into a damascene 

25 structure. For such an embodiment, a preferred process 
sequence includes depositing a first dielectric layer on 
a substrate. An organosilicate layer is then formed on 
the first dielectric layer. Thereafter, the 
organosilicate layer is patterned and etched to define 

30 contacts /vias therethrough. After the organosilicate 

layer is patterned and etched, a second dielectric layer 
is deposited thereover. The second dielectric layer is 
then patterned and etched to define interconnects 
therethrough- The interconnects formed in the second 

35 dielectric layer are positioned over the contacts/vias 
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formed in the organosilicate layer. After the 
interconnects are formed the contacts/vias defined in the 
organosilicate layer are etched through the first 
dielectric layer to the substrate surface. Thereafter, 
5 the damascene structure is completed by filling the 
interconnects and contacts/vias with a conductive 
material. 

DETAILED DESCRIPTION 

30 

FIG. 1 is a schematic representation of a wafer 
processing system 35 that can be used to perform 
integrated circuit fabrication in accordance with 
embodiments described. This apparatus typically comprises 
35 process chambers 36, 38. 40, 41, load-lock chambers 46, a 
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trans f ex chamber 50, a microprocessor controller 54, 
along with other hardware components such as power 
supplies (not shown) and vacuum pumps (not shown) . An 
example of such a wafer processing system 35 is a 

5 CENTURA® System, commercially available from Applied 
Materials, Inc., Santa Clara, California. 

Details of the wafer processing system 35 used in 
the present invention are described in commonly assigned 
0\ S. Patent No. 5,186,718, entitled, "Staged-Vacuum 

10 Substrate Processing System and Method* , issued on 
February 16, 1993, and is hereby incorporated by 
reference. The salient features of this system 35 are 
briefly described below. 

The wafer processing system 35 includes a transfer 

15 dramber 50*. containing a transfer robot 51. The transfer 
chamber 50 is coupled to load- lock chambers 46 as well as 
a cluster of process chambers 36, 38, 40, 41. 

Substrates (not shown) are loaded into the wafer 
processing system 3 5 through load- lock chambers 46. 

20 Thereafter, transfer robot 51 moves the substrates 
between one or more of the process 
chambers 36, 38. 40, 41. 

The process chambers 36, 38, 40, 41 are used to 
perform various integrated circuit fabrication sequences. 

25 For example, process chambers 36. 38, 40, 41 may include 
physical vapor deposition (PVD) chambers, ionized metal 
plasma physical vapor deposition {IMP PVD) chambers, 
chemical vapor deposition (CVD) chambers, rapid thermal 
process (RTP) chambers, and anti-reflective coating (ARC) 

30 chambers, among others. 

FIG. 2 depicts a schematic cross -sectional view of a 
chemical vapor deposition (CVD) process chamber 36 of 
wafer processing system 35. CVD process chamber 36 may be 
used to deposit organosilicate layers in accordance with 

35 embodiments described herein. An example of such a CVD 
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process chamber 36 is a DXZ™ chamber, commercially 
available from Applied Materials, Inc., Santa Clara, 
California. 

CVD process chamber 36 typically comprises a gas 

5 panel 130, a control unit 110, along with other hardware 
components such as power supplies and vacuum pumps. 
Details of the CVD process chamber 36 are described in 
commonly assigned O. S. patent application Serial No. 
09/211,998/ entitled *High Temperature Chemical vapor 

10 Deposition Chamber", filed on December 14, 1998, and is 
herein incorporated by reference. The salient features of 
the CVD process chamber 36 are briefly described below. 

The CVD process chamber 36 generally houses a 
support pedestal 150 , which is used to support a 

15 substrate such as a semiconductor wafer 190. This 
pedestal 150 can typically be moved in a vertical 
direction inside the chamber 36 using a displacement 
mechanism (not shown) . Depending on the specific process, 
the wafer 190 can be heated to some desired temperature 

20 prior to layer deposition. For example, the wafer support 
pedestal 150 is heated by an embedded heater element 170. 
The pedestal 150 may be resistively heated by applying an 
electric current from an AC supply 106 to the heater 
element 170. The wafer 190 is, in turn, heated by the 

25 pedestal 150. A temperature sensor 172, such as a 

thermocouple, is also embedded in the wafer support 
pedestal 150 to monitor the temperature of the 
pedestal 150 in a conventional manner. The measured 
temperature is used in a feedback loop to control the 

30 power supply 16 for the heating element 170, such that 
the wafer temperature can be maintained or controlled at 
a desired temperature which is suitable for the 
particular process application. The pedestal 150 is 
optionally heated using a plasma or by radiant heat (not 

35 shown) . 
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A vacuum pump 102 , is used to evacuate the process 
chamber 36 and to maintain the proper gas flows and 
pressure inside the chamber 36. A showerhead 120, through 
which process gases are introduced into the chamber 36/ 
5 is located above the wafer support pedestal 150. The 
showerhead 120 is connected to a gas panel 130, which 
controls and supplies various gases used in different 
steps of the process sequence. 

The showerhead 120 acid wafer support pedestal 150 
10 also form a pair of spaced apart electrodes. When an 

electric field is generated between these electrodes, the 
process gases introduced into the chamber 36 are ignited 
into a plasma. Typically, the electric field is generated 
by connecting the wafer support pedestal 150 to a source 
15 o* RF power (not shown) through a matching network (not 
shown) , Alternatively, the RF power source and matching 
network may be coupled to the showerhead 120, or coupled 
to both the showerhead 120 and the wafer support 
pedestal 150. 

20 Plasma enhanced chemical vapor deposition (PECVD) 

techniques promote excitation and/or disassociation of 
the reactant gases by the application of the electric 
field to the reaction zone near the substrate surface, 
creating a plasma of reactive species. The reactivity of 

25 the species in the plasma reduces the energy required for 
a chemical reaction to take place, in effect lowering the 
required temperature for such PECVD processes. 

In at least one embodiment, organosilicate layer 
deposition is accomplished by plasma enhanced oxidation 

30 of a phenyl -based ailane compound such as phenylmethyl 
silane. The phenyl -based silane compound is introduced 
into the process chamber 36 under the control of gas 
panel 130 as a gas with a regulated flow. 

Proper control and regulation of the gas flows 

35 through the gas panel 130 is performed by mass flow 
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controllers (not shown) and a computer (not shown) . The 
showerhead 120 allows process gases from the gas 
panel 130 to be uniformly introduced and distributed in 
the process chamber 100. 

5 Referring to FIG . 1, the CVD process chamber 36 is 

controlled by a microprocessor controller 54. T*he 
microprocessor controller 54 may be one of any form of 
general purpose computer processor (CPU) that can be used 
in an industrial setting for controlling various chambers 

10 and sub-processors. The computer may use any suitable 
memory, such as random access memory, read only memory, 
floppy disk drive, hard disk, or any other form of 
digital storage, local or remote. Various support 
circuits may be coupled to the CPU for supporting the 

15 processor in a conventional manner. Software routines as 
required may be stored in the memory or executed, by a 
second CPU that is remotely located. 

The software routines are executed after the 
substrate is positioned on the pedestal. The software 

20 routine, when executed, transforms the general purpose 
computer into a specific process computer that controls 
the chamber operation so that a chamber process is 
performed. Alternatively/ the process of the present 
invention may be performed in hardware, as an application 

25 specific integrated circuit or other type of hardware 

implementation, or a combination of software or hardware. 

Orqanosilicate Layer Deposition 

30 In one embodiment, the organosilicate layer is 

formed by applying an electric field to a gas mixture 
comprising a phenyl -based si lane compound. The phenyl - 
based silane compound has the general formula SiC.O^, 
where a has a range between 6 and 30, b has a range 

35 between 0 and 3, and c has a range between 9 and 30. For 
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example, phenylsilane (SiC 6 Hg) , phenylmethyl silane 
(SiQ,H 31 ) , phenylethyl silane (SiC 8 H u ) # 
phenylmethyletliylsilane (SiC 9 H 15 ) phenylmethoxy silane 
(SiC 7 OH n ) , phenylethoxy silane (SiCgOH^) , 
5 phenylmethyl ethoxy silane (SiC 9 OH u ) , 

phenylmethoxyethoxysilane (SiC^O^), among others may be 
used as the phenyl -based silane compound. 

The gas mixture may optionally include an oxidizing 
gas. Oxygen (0 2 K ozone (0 3 > , nitrous oxide (l^O) , carbon 

10 monoxide (CO) , carbon dioxide (C0 2 ) , nitrogen (N^) or 
combinations thereof, among others, may be used as the 
oxidizing gas. 

In general, the following deposition process 
parameters can be used to form the organosilicate layer 

15 using a CVD process chamber similar to that shown in 
FIG. 2. The process parameters range from a wafer 
temperature of about 100 °C to about 400 °C, a chamber 
pressure of about 1 torr to about 10 torr, a phenyl-based 
silane compound gas flow rate of about 400 mgm to about 

20 1000 iugm, an oxidizing gas flow rate of about 1 seem to 
about 500 seem, and an RF power of between about 50 watts 
to about 5 00 watts. The above process parameters provide 
a deposition rate for the organosilicate layer in the 
range of about 1000 A/ rain to about 400 0 A/min when 

25 implemented on a 200 mm (millimeter) substrate in a 

deposition chamber available from Applied Materials, Inc. 

Other deposition chambers are within the scope of 
the invention, and the parameters listed above may vary 
according to the particular deposition chamber used to 

30 form the organosilicate layer. For example, other 

deposition chambers may have a larger or smaller volume, 
requiring gas flow rates that are larger or smaller than 
those recited for deposition chambers available from 
Applied Materials, Inc. and may be configured to 

35 accommodate 300 mm substrates. 
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The as-deposited organosilicate layer has a 
dielectric constant that is less than about 3-0, making 
it suitable for use as an insulating material in 
integrated circuits. The dielectric constant of the 

5 organosilicate layer is tunable, in that it can be varied 
in a range between about 2 . 0 to about 3.0 as a function 
of the reaction temperature- In particular, as the 
temperature increases the dielectric constant of the as- 
deposited layer decreases. 

10 The dielectric constant of the organosilicate layer 

can also be tuned as a function of the composition of the 
gas mixture during layer formation. As the carbon (C) 
concentration in the gas mixture increases, the C content 
of the as-deposited organosilicate layer increases, 

15 decreasing- its dielectric constant. 

The organosilicate layer also has an absorption 
coefficient that is tunable in a range of about 0.1 to 
about 0.7 at wavelengths less than about 250 um. The 
absorption coefficient is tunable as a function of the 

20 reaction temperature. In particular, as the temperature 
increases the absorption coefficient of the as-deposited 
layer increases. 

Integrated Circuit Fabrication Processes 

25 

A. Organosilicate Anti-Ref lective Coating (ARC) 

FIGS. 3a- 3 e illustrate schematic cross- sectional 
views of a substrate 200 at different stages of an 

30 integrated circuit fabrication sequence incorporating a 
f luoro-organosilicate layer as a hard mask. In general, 
the substrate 200 refers to any workpiece on which 
processing is performed, and a substrate structure 250 is 
used to generally denote the substrate together with 

35 other material layers formed on the substrate 200. 
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Depending on the specific stage of processing, the 
substrate 200 may correspond to a silicon substrate, or 
other material layer that has been formed on the 
substrate. FIG. 3a, for example, illustrates a cross- 
5 sectional view of a substrate structure 250, having a 
material layer 202 that has been conventionally formed 
thereon. The material layer 2D2 may be an oxide (e. g. , 
silicon dioxide). In general, the substrate 200 may 
include a layer of silicon, silicides, metals, or other 
10 materials. FIG. 3a illustrates one embodiment in which 
the substrate 200 is silicon having a silicon dioxide 
layer formed thereon. 

FIG. 3b depicts an organosilicate layer 204 formed 
on the substrate structure 250 of FIG. 3a. The 
15 oarganosilicate layer 204 is formed on the substrate 
structure 250 according to the process parameters 
described above. The thickness of the organosilicate 
layer is variable depending on the specific stage of 
processing. Typically, the organosilicate layer is 
20 deposited to a thickness of about 400 A to about 700 A. 

A layer of energy sensitive resist material 208 is 
formed on the organosilicate layer 204. The layer of 
energy sensitive resist material 208 can be spin coated 
on the substrate to a thickness within a range of about 
25 4,000 A to about 10,000 A. Most energy sensitive resist 
materials are sensitive to ultraviolet (UV) radiation 
having a wavelength less than about 450 nm (nanometers) . 
Deep ultraviolet (DUV) resist materials are sensitive to 
UV radiation having wavelengths less than about 245 nm. 
30 Dependent on the etch chemistry of the energy 

sensitive resist material used in the fabrication 
sequence, an intermediate layer 206 is formed on the 
organosilicate layer 204 prior to the layer of energy 
sensitive resist material 208. When the energy sensitive 
35 resist material 208 and the organosilicate layer 204 can 
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be etched using the same chemical etchants, the 
intermediate Layer 206 functions as a mask for the 
organosilicate layer 204. The intermediate layer 206 is 
conventionally formed on the organosilicate layer 204 . 
5 The intermediate layer 206 may be an oxide, nitride, 

silicon oxynitride, amorphous silicon, or other suitable 
material . 

An image of a pattern is introduced into the layer 
of energy sensitive resist material 208 by exposing such 

10 energy sensitive resist material 208 to DUV radiation via 
mask 210. The image of the pattern introduced in the 
layer of energy sensitive resist material 20B is 
developed in an appropriate developer to define the 
pattern therethrough, as shown in FIG. 3c. 

15 -~ Referring to FIG. 3d, the pattern defined in the 
energy sensitive resist material 208 is transf erred 
through the organosilicate layer 204. The pattern is 
transferred through the organosilicate layer 204 using 
the energy sensitive resist material 208 as a mask. The 

20 pattern is transferred through tne organosilicate 

layer 204 using an appropriate chemical etchant. For 
example, fluorocarbon compounds such as f luoromethane 
(CF 4 ) , f luoroethane (C^Fg) , and f iuorobutene (C 4 F a ) may be 
used to chemically etch the organosilicate layer 204. 

25 Alternatively, when the intermediate layer 206 is 

present, the pattern defined in the energy sensitive 
resist material 208 is first transferred through the 
intermediate layer 206 using the energy sensitive resist 
material 208 as a mask. Thereafter, the pattern is 

30 transferred through the organosilicate layer 204 using 
the intermediate layer 206 as a mask. The pattern is 
transferred through botn the intermediate layer 206 as 
well as the organosilicate layer 204 using appropriate 
chemical etchants. 
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FIG. 3e illustrates the completion of the integrated 
circuit fabrication sequence by the transfer of the 
pattern defined in the organosilicate layer 204 through 
the silicon dioxide layer 202 using the organosilicate 
5 layer as a hardmasx. 

After tne silicon dioxide layer 202 is patterned, 
the organosilicate layer 204 can optionally be stripped 
from the substrate 200 by etching it in a suitable 
chemical etchant. 

0 

B. Damascene Structure Incorporating an Organosilicate 
Layer 



FIGS. 4a-4d illustrate schematic cross- sectional 
15 views of a- substrate 300 at different stages of a 

damascene structure fabrication sequence incorporating an 
organosilicate layer therein. Damascene structures are 
typically used to form metal interconnects on integrated 
circuits. Depending on the specific stage of processing, 
20 substrate 300 may correspond to a silicon substrate, or 
other material layer that has been formed on the 
substrate 300. FIG. 4a, for example, illustrates a cross- 
sectional view of a substrate 300 having a first: 
dielectric layer 302 formed thereon. The first dielectric 
25 layer 302 may be an oxide (e. g. , silicon dioxide, 

f luorosilicate glass) . In general, the substrate 300 may 
include a layer of silicon, ci lie ides, metals, or other 
materials. 

FIG. 4a illustrates one embodiment in which the 
30 substrate 300 is silicon having a f luorosilicate glass 
layer formed thereon. The first dielectric layer 302 has 
a thickness of about 5,000 A to about 10,000 A, depending 
on the size of the structure to be fabricated. 

An organosilicate layer 304 is formed on the first 
35 dielectric layer 302. The organosilicate layer 304 is 
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formed on the first dielectric layer 302 according to the 
process parameters described above. The organosilicate 
layer 304 has a dielectric constant less than about 3.0, 
so as to prevent or minimize capacitive coupling between 
5 the metal interconnects to be formed in the damascene 

structure. The dielectric constant for the organosilicate 
layer is tunable, in that it can be varied in the desired 
range as a function of the reaction temperature as vfell 
as the composition of the gas mixture during layer 

10 formation. 

The thickness of the organosilicate layer 304 is 
variable depending on the specific stage of processing. 
Typically, the organosilicate layer 304 has a thickness 
of about 200 A to about 1000 A. 

15 Referring to FIG, 4b, the organosilicate 

layer 304 is patterned and etched to define contact /via 
openings 306 and to expose the first dielectric 
layer 3 02, in areas where the contacts/vias are to be 
formed. The organosilicate layer 304 is patterned using 

20 conventional lithography and etched using fluorocarbon 
compounds such as f luoromethane (CF 4 ] , f luoroethane 
fCaFg) , and f luorobutene <C d F 8 ) . 

After the organosilicate layer 304 is patterned, a 
second dielectric layer 308 is deposited over the 

25 organosilicate layer 304. The second dielectric layer 308 
may be an oxide (e. g., silicon dioxide, f luorosilicate 
glass) . Hie second dielectric layer 308 has a thickness 
of about 5,000 A to about 10,000 A. 

The second dielectric layer 308 is then patterned to 

30 define interconnect lines 310, as illustrated in FIG. 4c, 
preferably using conventional lithography processes. The 
interconnects 310 formed in the second dielectric 
layer 308 are positioned over the contact /via 
openings 306 in the organosilicate layer 304. Thereafter, 

35 both the interconnects 310 and contacts/vias 306 are 
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etched using reactive ion etching or other anisotropic 

etching techniques. 

Referring to FIG. 4d, the interconnects 310 and 

contacts/vias 306 are filled with a conductive 
5 material 314 such as aluminum, copper, tungsten, or 

combinations thereof. Typically, copper is used to fill 

the interconnects 310 and contacts/vias 306 due to its 

low resistivity (resistivity about 1.7 jiQ-cm) . The 

conductive material 314 is deposited using chemical vapor 
10 deposition, physical vapor deposition, electroplating, or 

combinations thereof, to form the damascene structure. 

Preferably, a barrier layer 316 such as tantalum, 

tantalum nitride, or other suitable barrier material is 

first deposited conformably on the sidewalls of the 
15 interconnects 310 and contacts/vias 306 to prevent metal 

migration into the surrounding dielectric layers 302, 308 

as well as the organosilicate layer 304. 

Although several preferred embodiments, which 

incorporate the teachings of the present invention, have 
20 been shown and described in detail, those skilled in the 

art can readily devise many other varied embodiments that 

still incorporate these teachings. 

4 Brief Descriptien ef Dravio&s 



The teachings of the present invention can be 

readily understood by considering the following detailed 

description in conjunction with the accompanying 

drawings, in which: 
15 — FIG. 1 depicts a schematic illustration of an 

apparatus that can be used for the practice of 

embodiments described herein; 

FIG. 2 depicts a schematic cross-sectional view of a 

chemical vapor deposition (CVD) chamber; 
20 FIGS. 3a-3e depict schematic cross- sectional views 

of a substrate at different stages of integrated circuit 

fabrication incorporating an organosilicate layer as an 

anti -reflective coating (ARC) ; and 

FIGS. 4a-4d depict schematic cross- sectional views 
25 of a damascene structure at different stages of 

integrated circuit fabrication incorporating an 

organosilicate layer in such structure. 
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A method of forming an organosilicate layer is 
disclosed. The organosilicate layer is formed by applying 
an electric field to a gas mixture comprising a phenyl - 
based si lane compound. The gas mixture may optionally 

5 include an oxidizing gas. The organosilicate layer is 

compatible with integrated circuit fabrication processes. 
In one integrated circuit fabrication process, the 
organosilicate layer is used as an anti -reflective coating 
(ARC) . In another integrated circuit fabrication process, 

10 the organosilicate layer is incorporated into a damascene 
structure. 



2 Representative Drawiog Fig. 1 



